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I. GENERAL INTROIlJCTION 
For many years pharmacologists have been interested in the role of 
the liver and the kidney in the fate and excretion of anticonvulsant 
drugs 0 Much information on this subject has been obtained by the appli= 
cation of chemical and biological methods to the study of the detoxi= 
cation of anticonvulsant drugs in liver-damaged or bilaterally nephreo-
tomized animals. Most of the early studies were of a chemical type and 
employed either gravimetric or colorimetric procedures (Fisher and von 
]V[ering" 1904; Herwick, 1933; Koppanyi et al., 1933; Kozelka and Tatum, 
,. --. . 
19.37, Koze1ka e~ al., 1939; Raventos, 1946; and others). Because of the 
many manipula tiona required by both methods, much of the drug was generally 
lost and, consequently, the results obtained with these technics tended 
to be more qualitative than quantitative. However, new and better chemical 
procedures have now been devised. As a result, the majority of more recent 
experiments employ highly specific spectrophotometric, radioactive isotopic, 
and stable isotopic methods (Hellman ~., 1943; van Dyke ~., 1947; 
Gould et al., 1949; Roth et al., 1949; Kahn, 19.50; Goldbaum" 1952, Brough-
ton, 1956; Noach et a1., 19.57; and others). Nevertheless, there are 
clinically useful and candidate anticonvulsant drugs for which good quanti~ 
tative chemical procedures have not as yet been perfected. 
The lack of precise chemical methods for the detection of certain 
i9.gents in various body fluids stimulated the search for biological pro-
oedures useful in the study of the fate and excretion of anticonVUlsant 
drugs. Most of these biological procedures are based on the effect of 
liver damage or nephrectomy on the sleep time of drug-treated animals 
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(for those anticonvulsants which are sedative, e.g., phenobarbital) or on 
anticonvulsant activity.when ~ssayed versus e~ectrically 0: chemically 
induced seizu:es (Pratt, 1933; K~ppany~ et a1., 1935, 193?; Cameron and 
de Sarro, 1939; Dille and Seeburg, 1940; Tatum and Kozelka, 1941; Richards 
• ., <0 .. " "', ~ ~ 
et al., 1946; Moore etal., 1951; Swinyard et al., 1952a,b; Weaver et al., 
.~ '1. ~.' 
1952; Swinyard et al., 1954; and Schiffman et al., 1955a). Because off 
convenience, chemically induced liver damage has been frequently used in 
the studies cited above. 
Many chemical substances are known to be toxic to the liver. For 
example, arsenic, phosphorus, tannic acid, chloroform, carbon tetra-
chloride, ethylene dichloride and cinchophen are all known to cause hepatic 
lesions. Of these several agents, phosphorus and carbon tetra chloride are 
employed most frequently to induce liver damage in laboratory animals for 
the stuqy of the fate and excretion of anticonvulsant drugs. Since carbon 
-tetrachloride was the chemical agent employed in the studies conducted at 
'the University of Utah on the fate and excretion of anticonvulsant drugs, 
,a brief consideration of its history and toxic effects is in order. 
First prepared in 1849, carbon tetrachloride was used as an anesthetic 
,agent by Simpson, but was soon discarded because of its toxicity (Simpson, 
1856; Nunne1ey, 1867). It then disappeared from therapeutics until Hall 
(1921) demonstrated that it was effective against hookworm L~ dogs and 
recol1lJnended its use in man. Following this discovery, there was a rapid 
increase in the use of carbon tetrachloride in the treatment of hookworm 
infestations throughout the world. Because of the high toxicity of carbon 
tetrachloride there soon appeared reports of pOisoning and death after its 
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tl.se. This stimulated the search for pathological and functional abnor-
malities induced in various organs by carbon tetrachloride. The liver and 
t.he kidney have been most extensively investigated and, in this regard, 
considerable more attention has been directed to the pathological effects 
:induced by this agent than to the functional effects. 
With regard to the pathological effects induced by carbon tetra~ 
chloride, various workers have observed in both ~nima Is and man a marked 
hepatic centrolobular zonal necrosis (Hall, 1921, 1922; Docherty and 
Burgess, 1922; Hall and Shillinger, 1923; Lamson et al., 1923, Phelps and ,-, 
Hu» 1924; Lacquet, 1932; Cameron and Karunaratne, 1936; Eschenboenner and 
Hillel''' 191..).6; Moon, 1949; Stowell and Lee, 1950; Drill, 1952; Swinyard 
et a1., 1952a; and others), and a degeneration of renal proximal convoluted 
--- ," ,., 
tubules, distal convolu~ed tubules, l~ops of Henle, and col~ect~ tubules 
(Meyer and Pessoa, 1923; Lamson et al., 1923; Phelps and Hu, 1924; Smyth 
. , , 
!~t a~., 1936; Smetana, 1939; ~oon, 1949; Opie, 1950; Ungar, 1951, Jennings 
and Kearns, 1953; and others). The severity of the hepatotoxic and nephro~ 
toxic action varies with the dose of carbon tetrachloride given, the rout.e 
of administration, age of the animal, and species employed (Lake, 1922; 
J:1eyer and Pessoa, 1923; Lamson et al., 1923; Gardner et al., 1925; Cameron 
and Karunaratne, 1936; and others). 
With regard to the functional abnormalities induced by carbon tetra-
chloride, several Ivorkers have shown that this agent alters the normal 
function of both the liver and the kidney of various laboratory animals 
l:md man. Tests based on the measurement of serum phosphatase levels, 
prothrombin time, galactose and glucose tolerances, bromsulphalein and 
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othEl!' dye clearances, and the ability of the isolated rat liver to synthe-
" " 
size p"'aminohi,ppuric aoid from glyoine and p-aminobenzoic acid have all 
indicated a decreased liver function in carbon tetrachloride-treated 
animals (Okano, 1930; ~ubertin et al., ,~938; N~gazumi, 1938; Drill and 
Ivy, 1944; Drill, 1952; andPlaa et al., 1958). Carbon tetrachloride 
has also been shown to decrease kidney function in humans as measured by 
, " " 
inulin, diodrast, and p-aminohippurate clearance tests, ~nd by ~ decreased 
ability of the kidney to reabsorb sodium (Corcoran et al., 1943; Sirota, 
1949). 
Bilateral nephrectomy represents the biological counterpart of liver 
injury and has been extensively used to study the role of the kidney in 
. . 
the fate and excretion of anticonvulsant drugs (Voss, 1926; Hirs chfel~er 
and Haury, 1933; Richards and Evere~t, 1946; Sw1niard et a~~, 1952a,b; 
Weaver et al., 1952; Swinyard et al., 1954; Schiffman ~., 1955a,b, 
Schiffman, 1956; and others). 
Since carbon tetrachloride-induced liver damage increased the anti-
convulsant activity of the several drugs which they tested, Swinyard and 
c.o~workers questioned the validity of carbon tetrachloride-induced liver 
d~nage as a useful biological procedure. These workers suggested that 
lesions produced in organs other than the liver might introduce error. 
Also, sincE; carbon tetrachloride has a central depressant acti.on similar 
to c:J:-l1oY'ofo.cm, it was thought that this agent might depress the central 
n.iSl'VOu.5 system and alter the basal state of the experimental animalo 
Bilateral nephrectomy is also open to criticism based largely on 
the ar:?;ument that little attention has been paid to the physiological 
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,altorations induced by this procedure. In add! tion, the ac:cllm1.l1atl0n 
11l.etabolic products in nephreotomized animals and/' or the trauma of t.1J::i 
opera si.on might alter the basal state of the anj.ll1al. 
The present investigation represents a systematic laboratory study 
designed tC) evaluate the validity of carbon tetrachloride-indu()0d liV"er 
,damage and bilateral nephrectomy as biological procedures for the deternd .. c , 
nation of the role of the liver and the kidney in the fate and excretion 
of anticonvul;3ant drugs. The results obtained provide the basis of this 
dissertation. 
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II. STATEHENT OF THE PROBLEM AND WORKING HYPOTHESIS 
Carbon tetrachloride-induced liver damage, partial hepatectomy, and 
bilateral nephrectomy are commonly coupled with bioassay or chemical 
methods to determine the role of the liver and the kidney ln the fate 
and excretion of drugs. These biological procedures have been used\vith 
bioassay methods in our laboratories to determine the role of these organs 
in the fate and excretion of anticonvulsant drugs (Swinyard at al., 1952a, 
b; Weaver ~~ a1., 1952; Swinyard et a1., 1954). It i.8 generally assllmed 
that carbon tetrachloride administration, partial hepatectomy, or nephreo--
tomy does not affect the response of the central nervous system to drugs 
elI' to the tests employed to measure drug potency. However, the influence 
of such biological alterations on the tests employed to measure anti-
convulsant activity has been questioned for several reasons. Comparatively 
little attention has been given to the effect of liver damage or nephreo-
tomy on electrically or chemically induced convulsions. Carbon tetra-
c:h10ride has a central depressant action and, thus, may decrease suscep-
tibility to experimentally induced seizures. Further, carbon tetrachloride 
is also known to be nephrotoxic, and its use to produce liver damage might 
thereby alter the rate at which certain drugs are excreted by the kidney. 
In view of the above uncertainties it seemed important to test the validity 
tlf carbon tetrachloride-induced liver damage, partial hepatectomy, and 
bHataral nephrectomy as laboratory methods for the determination of the 
role of the liver and the kidney in the fate and excretion of anticonvul-
sant drugs. 
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In order to test the validity of the above-mentioned biological pro-
cedures, the effect of carbon tetrachloride-induced liver damage, partial. 
hepatectomy, and nephreotomy on maximal electroshock seizure (MES) pattern, 
em the ED50s for barbital sodium and pentobarbital sodium as measured by 
the MES test, and on renal inulin clearance and barbital sodtWll excretion 
Vlas determined. Maximal electroshock seizure pattern was selected because 
the MES test has been used routinely in our laboratory for the study of 
the role of the liver and the kidney in the fate and excretion of anti-
c,onvulsant drugs (Swinyard et al., 1952a,b; Weaver et al., 1952; Swinyard 
et al., 1954), and because alterations in seizure severity are reflected 
in the seizure pattern. For example, a decrease in the severity of a 
maximal seizure is reflected by an-increase in the duration of the hindleg 
tonio-flexor component and a decrease in the hindleg tonio-extensor 
component (Toman et al., 1946; Swinyard, 1949; Tedeschi, 195,; Laffan 
~~., 19,7). Barbital sodium was selected because more than 90 per 
(:ent of a given dose is excreted unchanged by the kidney and it is un-
affe~ted by the liver (Maynert and van D.yke, 1949). Pentobarbital sodium 
was selected because less than 3 per cent of a given dose is excreted by 
the kidney and more than 97 per cent is detoxified by the liver (Maynert 
Clnd van Dyke, 1949; Raventos, 1954). Since carbon tetrachloride is known 
to be nephrotoxic, renal inulin clearance and barbital sodium excretion 
"rere used to measure the effect of this agent on renal function. 
To facilitate the interpretation of the results a working hypothesis 
,,1as formulated based on the anticipated effect of carbon tetrachloride-
j~nduced liver damage, partial hepatectomy, and nephrectomy on the pattern 
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of maximal electroshock seizures and on the dose of barbital sodium and 
pentobarbital sodium which prevented the hindleg tonic-extensor component 
of maximal seizures in 50 per cent of animals (ED50). In addition, the 
anticipated effect of liver damage on renal inulin clearance and on the 
I'ate of excretion of barbital sodium was also included. If the above-
mentioned biological procedures are valid for the determination of the 
role of the liver and the kidney in the fate and excretion of anti-
convulsant drugs, the MES pattern measured in carbon tetrachloride-
treated, hepatectomized, or nephrectomized rats should not differ signifi-
cantly from that measured in control animals. The expected effects of 
these biological procedures on the ED50s for barbital sodium and pento-
barbital sodium are graphically shown in figure 1. In this figure, the 
ED50s are shown on the ordinate, and the times at which the ED50s were 
determined are plotted on the abscissa of each small graph. The theo-
retical ED50s for barbital sodium and pentobarbital sodium, determined 
at various times after drug administration in normal and experimental rats, 
are shown. by the two solid lines in each of the four small diagrams. As 
shown by the normal lines, the ED50s are initially high and decline to a 
minimum as absorption of the drug is completed and the maximum concentra-
tion of drug reaches the brain. The ED50s then progressively increase as 
the drug is inactivated or excreted by the animal. Hence, the initial 
dl3crease in the normal curve reflects the mirror image of drug absorption, 
whereas the subsequent increase in the curve reflects drug inactivation 
or excretion. The experimental treatment employed (carbon tetrachloride-
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Jfigure 1. Hypothetical Dose-T::ime Curves of Barbital Sodium and Pento-
barbital Sodium in Carbon Tetrachloride-treated, Hepatectomized, 
or Nephrectomized Ratse 
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theoretical normal curve in several ways: It can decrease or increase 
the slope of the line obtained after drug absorption in experimental rats 
'~ith respect to that obtained in normal animals, or it can decrease or 
increase the minimum ED50 with respect to that determined in normal rats. 
In addition, any combination of the above possibilities may occur. A 
decrease in the slope of the line for experimental animals with respeet 
to the slope of the line obtained in normal rats may indicate the bio-
logical procedure has decreased the rate at which the drug is inactivated 
,or excreted and/or that it has induced a progressive accwnulation of meta-
boliq products which act additively with the drug. On the other hand, an 
:increase in the slope of the line obtained in experimental animals with 
respect to the slope of the line obtained in normal rats may indi9Qte that 
the experimental procedure has induced a progressive accwnulation of meta-
bolic products which act antagonistically with the drug. A decrease in 
t.he minimum experimental ED50 indicates an increase in the rea ctivity of 
the experimental animal and/or an increase in the rate of absorption rela-
tive to inactivation of the drug. Conversely, an increase in the minimum 
experimental ED50 indicates a decrease in the reactivity of the experimental 
animal and/or a decrease in the rate of absorption of the drugo '!hus, if 
~~rbon tetrachloride-induced liver damage and partial hepatectomy are valid 
procedures for the determination of the role of the liver in the inacti-
Yation of anticonvulsant drugs, liver damage should result in almost com-
plete inability of the animal to inactivate or excrete pentobarbital sodium. 
Hence, the ED50s for this drug after complete absorption should be practi-
cally constant with time. Conversely, carbon tetrachloride-induced liver 
- 11-
damage or partial hepatectomy should have no significant effect on the 
ED50s for barbital sodium. If nephrectomy is a valid procedure for the 
determination of the role of the kidney in the excretion of anticonvulsant 
drugs, this procedure should result in almost complete inability of the 
animal to inactivate or excrete barbital sodium. Hence, the ED50s for 
this drug after complete absorption should be practically constant with 
time. Conversely, nephrectomy should have no significant effect on the 
ED50s for pentobarbital sodium. Finally, carbon tetrachloride-induced 
liver damage should not alter significantly renal inulin clearance or the 
rate of barbital sodium excretion. Since measurement of inulin clearance 
lmd barbital sodium excretion reflect only changes in glomerular fUI'j.ction, 
alterations in renal tubular function will not be revealed. 
The results obtained will be evaluated in the discussion of each sub-
section on the basis of the working hypothesis. Any significant deviation 
from the hypothesis will be considered in the general discussion. 
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III. GENERAL PRO CEDURES 
Adult male albino rats of the Sprague-Dawley strain were used as 
experimental animals. They were maintained on Purina Laboratory Chow and 
allowed free aCCess to food and water except during the actual test period. 
New animals were given one or two days to adjust to the laboratory environ-
ment and then given a series of three preliminary supramaximal shocksj the 
individual s~ocks were given every other day. 
Maximal electroshock seizures (MES) were induced in each rat by 15o 
milliamperes of 60-c,rcle alternating current delivered for 0.2 second via 
corneal electrodes (Spiegel, 1937). All shocks were delivered by means 
of a~ apparatus described by Woodbury and Davenport (1952). Briefly, the 
proce~ure was as follows: A 1 per cent solution of butacaine sulfate was 
~ls~illed into each conjunctival sac. The electrodes were placed in con-
tact with the cornea and the stimulUS was administered. The durations 
of hindleg.tonic flexion, hindleg-tonic extension, terminal generalized 
Qlonus, apd t9tal seizure were measured to the nearest half second. 
~lration of hindleg-tonic flexion was measured from the time of appli. 
cation of the stimulus to the time of onset of hindleg-tonic extension; 
duration of hindleg-tonic extension was measured from the time of onset 
of hindleg-tonic extension to the time of onset of terminal generalized 
c],op.us; duration of terminal generalized clonus was measured from the time 
of onset of the first clonic movement of any limb to the return of rapid 
respirat~on aneVor skeletal muscle relaxation; total seizure was taken 
as the sum of these three components. Mean durations of the seizure 
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component~ and total seizure J with their respective standard deviations, 
'IITere then calculated. 
Gro~p~ of 16, 9, and 12 rats, respectively, were used for the studies 
Qf the ~l'feot of carbon tetrachloride-induced liver damage, hep~tectomy, 
aqd nephrectomy on MES pattern. A MES was elicited in each animal every 
Qther day for s~ days. On the eighth day a fourth MES wa.s elicited and 
the durations of the various components of the seizure were measured and. 
re~rded. This seizure was used as the control. Eight to 12 hours after 
the fourth a~ock, the first group, composed of 16 rats, was given carbon 
tetrachloride subcutaneously. Forty-eight hours later a MES was induced 
in each animql, qnd the durations of the various components of the sei~ure 
were mea~ured and recorded. On the tenth day the second group, composed 
of ~tne ra~s, was hepatectomized; and the third group, composed of 12 
rata. was nephrectomized. Twelve hours later a MES was induced in each 
af'imal, ~nd the durations of the various components were measured and 
reCQrded. In all cases the mean durations of the various seizure com-
p.()nents qf normal an:ilnals were compared with those of the experimental 
animals; tne difference was tested for statistical significanoe. In 
additipfl., ~roups of ten rats each were employed to study the effect of 
carbon tetrachloride-induoed liver damage on MES pattern 3, 6, 12, 18, 
24, and 36 hours after carbon tetrachloride administration; and two groups 
of four and nine rats were used to study the effect of nephrectomy on MES 
patter~ 6 and 24 hours, respectively, after surgery. 
rbe antiponvulsant activity of barbital sodium and pentobarbita~ 
sod~um was est~ated by the MES test (Toman et al., 1946; SWinyard, 1949) 
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in normal, carbon tetrachloride-treated, hepatectomized, and nephrecto-
mized rats. Both drugs were administered orally as a 1 per cent (w/v) 
aqueous soll,ltion. '!he drugs were administered at a time which would 
permit the MES test to be conducted 48 hours after the administration 
of carbon tetrachloride, 12 hours after hepatectomy, or 12 hours after 
nephrectomy. Forty-eight hours after the administration of carbon 
tetrachloride was s~lected as the time for the test of liver-damaged ani-
mals because histologica+ studies of liver s~ctions demonstrate moderate 
to severe liver damage is present at this time (Swinyard et al., 1952a). 
'Iwelve hours after surgery flas selected as the time for the test of 
hepatectomized and nephrectomized rats because this time interval was 
sufficient for the ap,imals to recover frQm the anesthesia. Furthermore, 
this uniform period of time minimized :individual differences :in blood 
glucose levels in hepatectomized rats and :in accumulated metabolic 
products in nephrectomizeQ, rats. 
The dose of each drug which prevented the hindleg-tonic extensor 
component of maximal seizures in 50 per cent of animals tested (ED50) 
was determined as follows: Groups of four to ten animals were given 
various doses of the drug and subjected to the MES test at a previously 
selected time after drug administration. This procedure was repeated 
with different groups of animals until at least three dose levels were 
established betw~en the limits of no protection and complete protection. 
~le data obtained were plotted on logarithmic probability paper and a 
regression line visually fitted to the plotted points. The ED50 was 
dEltermined from the plot of the data and 95 per cent fiducial limits were 
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ealculated by the method of Litchfield and WUcoxon (1949). This procedure 
was repeated with different groups of normal, carbon tetrachloride-treated, 
hepatectomized, and nephrectomized rats until ED50s and 95 per cent 
fiducial limits were determined 4, 8, and 12 hours after the administra-
tion of barbital sodium, and 1, 3, and 6 hours after the administration 
of pentobarbital sodium. 
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IV. THE EFFECTS OF CHEMICAL INJURY OF THE LIVER, PARTIAL 
HEPATEC'IOMY, AND NEPHRECIDMY ON MAXIMAL ELEC'IROSHOCK 
SEIZURE PATTERN AND ANTICONVULSANT ACTIVITY OF 
BARBITAL SODIUM AND PEN1DBARBlTAL SODIUM IN RATS 
A. EFFECTS OF CARroN TETRACHLORIDE-INDUCED LIVER DAMAGE 
1. Introduction 
Several groups of workers (Pratt, 1933; Koppanyi et al., 1936; 
Richards et al., 1946; Moore et al., 1951; and others) have used carbon 
tetrachloride~induced liver damage as a biological procedure for the 
determination of the role of the liver in the fate and excretion of cer-
tain convulsant and anticonVUlsant drugs. Because of the lack of agre~ 
ment on the role of the liver in the fate and excretion of anticonvulsant 
agents, Swinyard and co-workers (1952) initiated a systematic stuQy of 
the effects of carbon tetrachloride-induced liver damage on the activity 
of what then constituted the major clinically useful antiepileptic drugs. 
TI1eir investigations indicated that the ED50s of mesantoin, phethenylate, 
diphenylhtdantoin, trimethadione, paramethadione, and phenaeemide, de-
termined by the maximal electroshock seizure (MES) test, were significantly 
lower in liver-damaged animals than in normal animals (Swinyard et al., 
1952a,b; Weaver ~., 1952). In 1954, this same group of workers in-
vestigated the effect of carbon tetrachloride-induced liver damage on the 
anticonvulsant activity of phenobarbital sodium and primidone. They found 
that the ED50s of these two drugs in liver-damaged animals were also lower 
than those determined in normal animals (Swinyard et a1., 1954). Thus, it 
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a.ppear'ed that in each instance the liver played an important role in the 
fate and excretion of tha anticonvulsant drugs examined. Although this 
fact ~ be true, it was considered possible that either the liver damage 
or the carbon tetraahloride employed to induce the damage might alter the 
sensitivity of the central nervous system ~nd hence the ED50s of the drugs 
tested. Therefore, it was thougp.t important to test the effect of carbon 
tetrachloride-induced liver damage on MES pattern and on anticonvulsant 
activity of barbital sodium and pentobarbital sodium, two drugs whose fate 
and excretion are well known~ The results obtained are presented in this 
section. 
~. Math-ods 
Carbon tetrachloride-induced liver damage was produced by a single 
subcutaneous injection Of 2 ml.!kgm. of a 50 per cent (w/v) solution of 
carbon tetrachloride in peanut oil. This injection was made into a loose 
fold of skin dorsomedially over the neck or back; shoulder and pelvic 
girdle areas were avoided. 
3. Results 
The results of these experiments are listed in tables 1, 2, and 3. 
The lack of effect of carbon tetrachloride on the maximal electro-
shock seizure (MES) pattern is shown in table 1. It is evident that this 
procedure had no significant effect either on the duration of the various 
sl3izure eomponents or on the total duration of the seizure 48 hours after 
carbon tetrachloride injection (flexion" p> 0.05; extension, p";>' 0.5; 
clonus, p:> 0.5; and total duration" p,> 0.1). On the other hand" one 




Maximal Electroshock Seizure Pattern 
in Normal and Liver-Damaged Ratsl 
Mean Duration of Seizure Components, Seconds2 
Tonic Hindleg 
No. of Total 
Treatment Animal~ F:)..exion Extension Clonus Duration 
Normal 20 3.0 ! 0.10 7_1 .:t 0.16 4.8 .:t 0.14 14.9 .:t 0.51 
Liver Damage 18 3.3 .! 0.10 7.2 .:t 0.17 4.8 ! 0.39 15.3 ! 0.41 
lDetermined 48 hours after subcutaneous administration of carbon 
tetrachloride. 
2 .:tStandard deviation of the mean. 
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TABLE 2 
The ED50s of Barbital Sodium Determined At Various Time 
Intervals After Drug Administration in Normal 
and 1iver-Damag~d Ratsl 
Barbital Sodium, ED502 
Time mgm./kgm. 
in 
Hours Normal Rats Liver-Damaged Rats 
77.0 70.0 
4 (66.4 - 89.3) ( 58 .8 - 83.3) 
102.0 97.0 
8 (83.3 - 130.0) (79.2 - 118.8) 
166.0 162.0 
12 (138.3 - 199.2) (135.5 - 200.0) 
lDetermined 48 hours after subcutaneous administration of 
carbon tetrachloride. 
2Figures in parentheses represent 95 per cent fiducial limits. 
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TABLE 3 
The ED.50s of Pentobarbital Sodium Determined at Various Time 
Intervals After DTug Administration in Normal 
and Liver-Damaged Ratsl 
Pentobarbital Sodium, ED.502 
Time mgm./kgm. 
in 
Hours Normal Rats Liver-Damaged Rats 
16.8 6 • .5 
1 (14.4 - 19.1) (.5.7 - 7.4) 
42 • .5 10.0 
3 (38.6 - 46.8) (8.9 - 11.2) 
60.0 28.0 
6 (.51.7 - 69.6) (22.4 - 3.5.0) 
lDetermined 48 hours after subcutaneous administration of carbon 
tetrachloride. 
2Figures in parentheses represent 9.5 per cent fiducial limits. 
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extensor component) 3, 6, and 12 hours after carbon tetrachloride adminis-
tfation, whereas no protection was observed at 8, 24, 36, or 48 hOUfS. 
The anticonwlsant a ctivity of barbital sodium as measured in normal 
and liver-damaged rats is shown in table 2. It may be seen from the table 
that the ED50s for both normal and liver-damageci animals are similar; 
indeed, they are almost identical. 
The anticonwlsant activity of pentobarbital sodium as measured in 
normal and liver-damaged rats is shown in table 3. It may be seen from 
the table that the ED50s of liver-damaged animals are significantly lower 
at all time intervals than the ED50s of normal animals. 
4. Discussion 
The data cpncerned with the effect of carbon tetrachloride adminis-
tration on the maximal electroshock seizure (MES) pattern indicates an 
early anticonvulsant effect of this agent. However, since all definitive 
tl9sts were conducted at the 48-hour period, and since no significant pattern 
modification was detected beyond 24 110urs after carbon tetrachloride in-
jection, it m~st be concluded that neither carbon tetrachloride adminis-
tration nor the liver damage produced by it significantly alters the ability 
of the central nervous system to respond normally to supramaximal electrical 
stimulation after this period of time. 
In order to see how well the data concerned with the anticonvulsant 
action of barbital sodium and pentobarbital sodium, determined at various 
t:ilne intervals in normal and liver-damaged rats, fit the hypothesis formu-
lHted in section II, the ED50s pr~sented in tables 2 and 3 were graphically 
plotted as shown in figures 2 and 3, and smooth curves were drawn through 
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the points. As shown in figure 2, the two curves for barbital sodium are 
virtually identical in normal and liver-damaged rats. In contrast, it may 
be seen in figure 3 that the curve connecting the ED50s for pentobarbital 
sodium determined in liver-damaged rats is displaced toward the abscissa 
at all time intervals and, in addition, appears to be divergent to the 
normal curve. In general, these plots of the data are in agreement with 
the hypothesis and suggest that carbon tetrachloride-induced liver damage 
is a valid procedure for the determination of the role of this organ in 
the fate and excretion of anticonvulsant drugs. 
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B • EFFEC T5 OF REP A TEC 10MY 
1. Introduction 
As mentioned in the introduction to the previous section, chemical 
agents used to induce l~ver damage may adversely affect other organs or 
systems in addition to the liver. Thus, the use of a hepatotoxic agent 
lTlay n color" experimental results in such a way as to give false information 
about the true role of the liver in the fate and excretion of drugs tested. 
Therefore, it was thought important to study in rats the effects of partial 
hepatectomy in order to observe the effect of the physiological alterations 
produced by the surgical removal of liver tissue on the maximal electro-
:~hock seizure (MES) pattern and the anticonvulsant c!ictivity of barbital 
Bodium and pentobarbital sodium. 
2. Methods 
A rat was lightly anesthetized wi,th ether, fastened ventral side up 
on the operating table, and hepatectomy was performed by the method de-
scribed by Timiras (1955). Anesthesia was maintained by placing a small 
beaker containing an ether-saturated pledget of cotton over the nose of 
the animal. r,he rat was shaved, the xiphoid process was palpated, and a 
midline in cis ion made through the skin approximately one-half to three-
ql1arters of an inch distal to the tip of the xiphOid. The incision was 
continued up to apd just over this qistal tip of the process. The peri-
toneal cavity was opened with a similar incision. The tip of the exposed 
xiphoid process was grasped with a rat-toothed forceps, and the rounded 
one"'Q.uarter inch of thi~ cartilagenous structure was cut off with a pair 
oj; heavy scissors. This procedure provided an opening sufficiently large 
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Figure 4. Cardiac and pyloric pori)ons of 'the stomach) 
the pClnc,eas) and liveTo Camera lucida.* 
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6 esoph tllj uS 
Figure 5. DucT\J.s choled.ochus 
*E. c. Greene. Anatomy of the Rat. New York, Hafner Publishing 
Co. 1955. p. 101. 
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to withdraw the liver. The liver presents four parts (figures 4 and 5): 
A median or qystic lobe, Qearing a deep f~ssure for the hepatic ligament; 
a right lateral lobe, partly divided into anterior and posterior lobules) 
a large left lateral lobe; and a small ~udate lobe which lies deep on the 
left side and fits around the esophagus. The median and left lateral lobes 
were then grasped with the left hand and drawn upward through the incision. 
The deep-lying caudate lobe then became visible. With cautious probing, 
this lobe was freed from the esophagus. It was then drawn upward and held 
with the median and left lateral ~obes. A mass ligature of nylon thread 
was passed around these three lobes as far proximal as possible and secured 
tightly. All of the liver distal to the suture was then surgically ablated. 
The liver removed represents app;roximately 73 per cent by weight of the 
total rat liver. The peritoneal cavity was then closed using nylon thread 
and an interrupted suture, and the skin was closed with II mm. Michel 
wound clips. An extremely good clos~re was fO'Q,Ild to be imperative; other-
ll1ise, the animal would reopen the incision in a matter of a few hours. 
3. ,Results 
The results of these exp~riments are listed in tables 4, 5, and 6. 
The effect of hepatectomy on the maximal electroshock seizure (MES) 
pattern is shown in table 4. It is evident that this procedure had no 
significant effect on the duration of the flexor or extensor component 
or on the total. duration of the seizure at the time of test, i.e., 12 
hours after surgery (flexion, p> 0.1; extension, p,,> 0.5; and total 
d.uration, p ~ 0.0%). The duration of the clonic component was s ignifi-
cantly different from nor.mal at the 5 per cent level (p • 0.05). 
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TABLE 4 
Maximal Electroshock Seizure Pattern 
in Normal and Hepatectomized Ratsl 
Mean ~ation ot Seizure Components, Seconds2 
Tonic Hindleg 
No. ot 
Treatment Anwls F1exic)n Extension 
Normal 9 3.5 : 0.14 6.7:0.17 
Hepatectomy 9 3.8 ! 0.22 6., ! 0.37 
1Determined 12 hours atter hepatectomy. 
2 :!: Standard devis tion of the mean. 
Total 
Clonus Duration 
4.8 .: 0.22 15.0 ! 0.24 





The ED50s of Barbita~ Sodium Determined at Various Time 
Intervals After Drug Administration in Normal 
and Hepateotomized Rats1 
Barl;>i tal SOdium, ED502 
Time mgm./kgJn. 
in 
Hours Normal Rats Hepateotomized Rats 
71.0 82.0 
4 (58.7 .. 8$.9) (69.5 - 95.6) 
141.0 128.0 
8 (111.9 - 177.7) (107.6 - 152.3) 
190.0 158.0 
12 (16g.4 - 222.3) (121.5 - 205.4) 
lHepateoto~ performed ~2 hours previous to drug administration. 




The ED50s of Pentobarbital Sodium Determined at Various Time 
Intervals After Drug Administration in Normal 
and Hepateotomized Ratsl 
Pentobarbital Soqium, ED502 
Time mgm./kgm.. 
in 
Hours Normal Rats Hepatectomized Rats 
17.0 9.8 
1 (12.8 - 22.6) (7.5 - 12.8) 
32.5 15.6 
3 (29.0 .. 36.4) (13.9-17.6) 
47.0 18.2 
6 09.5 - 55.9) (15.2 - 21.8) 
1Hepatectomy performed 12 hours previous to drug administration. 
2Figures in parentheses represent 95 per cent fiducial limits. 
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'I'he anticonvulsant activity of barbital sodium determined at various 
time intervals after drug administration in normal and hepatectomized rats 
is shown in table 5. It is appar~nt from the table that the ED50s for 
this drug are essentially the same whether determined in normal or hepa~ 
tectomized animals. 
'I'he anticonvulsant a ctivity of pentobarbital sodium determined at 
various time :intervals after drug administration in normal and hepatecto-
mized rats is shown in table 6. It may be seen from the table that the 
ED50s determined in hepatectomized aijimals are significantly lower than 
the ED50s determined in normal animals at all time intervals after drug 
administra tion. 
4. Discussion 
The data indicate that hepatectomy modified somewhat the pattern of 
maximal electroshock seizures (MES) determined l2 hours after surgery. 
'!'his is characterized by an increase in the duration of the clonic com-
ponent which is significant at the 5 pet cent level (see table 4). In 
addition, the slight decrease in the cturation of hindleg-tonic flexion 
and filight increase in duration of hindleg-tonic extension and of total 
Beizure are in the direction expected if the operative procedure did in-
deed decrease the sensitivity of tIte central nervous system. These obser-
vations suggest that hepatectomy alters the response of the central nervous 
E:ystem to supramax:i.mal electrical stimulation at the twelfth hour after 
.surgery. 
In order to see how well the data conoerned with the anticonvulsant 
action of barbital sodium and pentObarbital sodium, determined in normal 
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and hepatectomized rats, fit the hypothesis formulated in section II, the 
ED50s presented in ~ables 5 and 6 were graphiyally plotted as shown in 
figures 6 and 7; and smooth curves were drawn through the points. As 
shown in figure 6, the two curves for barbital sodium are similar in normal 
and hepatectomized rats. In contrast, it may be seen in figure 7 that the 
curve connecting the ED50s for pentobarbital sodium in hepatectomized rats 
is displaced significantly toward the abscissa and, in addition, appears 
1:'0 be divergent to the normal ourve. It is concluded that, in general, 























Figure 6 0 The ED50s of Barbital Sodium Determined at Various Time 
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Figure 7. The ED50s of Pentobarb~tal Sodium Detennined at Various 
Time Intervals After Drug Administration in Nonnal and 
Hepatectomized Rats. 
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C. EFFEC TS OF NEPHREC '!OM! 
1. Introduction 
Despite the fact that nephrectomy haG been used to study the role 
of the kidney in the fate and excretion of anticonvulsant drugs (Richards 
et al., 1946. Moore et 81., 1951; Swinyard et al., 19528,b. Weaver et 81., 
1952; Swinyard et al., 19S4), the validity of this biological procedure 
for the detennination of the role of the ld,.dney in the fate and excretion, 
of anticonvulsant drugs has not been unequivocally e,tablished. 
Consider~bl~ work has been done in the pharmaoology laboratories of 
the University of Utah on the effects of nephrectomy on the pattern of 
maximal electroshock seizures (MES), on the threshold for minimal electro-
shock seizures, and on the activity of anticonvulsant drugs. Swinyard and 
co-workers (1952a) have shown that bilateral nephrecto~ had no significant 
13ffect on the MES pattern 12 and 18 ho~rs after sUl'gery'. Schift'man and 
co-workers (195.5b) and Tedeschi <:1.955), in simUar stud1,?s, confirmed th~se 
()bservations. With regard to electroshock 8eiz~e threshold, Woodbury and 
c~-workers (1950), and Woodbury (1954, 1957) Observed a 3 and 19 per cent 
:lncrease in threshold 1 and 24 hours, respectively, after nephrectomy. 
With regard to anticonvulsant activity, Sw~yard and co-workers (1952a,b. 
1954) found that the ED50s for phethenylate, paramethadione and primidone 
were s ignifioantly lower in neplu-ectoJl'lized animals than in normal animals, 
~rhereas this biological alteration had no significant effc;lCrt, on the ED50s 
of diphenylhydantoin, Mesanto1n, trimethadione, and pheno~rbital. Weaver 
a,nd co-workers (1952) noted that nephrectomy ned no effect on the fate and 
excretion of phenacem;i.de. 
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Except for the effect of nephr~ctomy on electroshock seizure threshold, 
these results suggest that nephrectomy is a valid biological procedure fQr 
the study of the fate and e~cretion of anticonvulsant drugs. Neverthelese, 
the fa ct that seizure threshold is increased after nephrectpmy suggests 
that further study of this problem is warranted. Therefore, the effects 
of nephrectomy on the MES pattern and on the anticonvulsant activity of 
barbital sodium and pentobarbital sodium were determj,ned. 
2. Methods 
Bilateral nephrectomy was performed b.y the retroperitopeal approach. 
The rat was first lightly anesth~tized with ether and fastened ventral si4e 
down on the operating table. Anesthesia was maintained by placing a small 
beaker containing an ether.saturatedpledgetof cotton over the nose of 
the an:\.mal. The back of the animal was shaved, and a medial incision ap-
proximately 1 inch long was JI1ade in the skin over the lower back. The 
exposed dorsal lumbar muscles on both slides w~re incised. The ld.dneys were 
palpated through the abdominal wall and forced through the incieions in the 
muscle coat. A mass ligature of nylon thread was passed around the under-
13ide of the kidney as far proximal as possible and tightly secured. The 
kidney distal to the suture was removed. The mus ole wall was closed with 
nylon thread and the skin incision with Michel wound clips. 
3. Results 
TP.e results of these experiments are listed in tables 7, 8, and 9. 
The lack of effect of nephrectomy on the maximal electroshock seizure 
(MEa) pattern is shown in table 7. It is evident that this procedure had 
no significant effect either on the duratiOns of the various seizure 
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TABLE 7 
Maximal EleQt~oshock Sei~ure Pattern 
:in Normal and Nephl"ectomized Rat$l 
Mean Duration of Seizure Comppnents, Seconds 2 
Tonic Iiindleg 
No" of 
Treatment Animals F1e~ion Extension 
Normal 12 3.0 .! 0.12 7.9 .! 0.32 
Nephrectomy 12 3.5! 0.24 7.4! 0.62 
,",~ 
lDeter.mined 12 hours after nephrectomy. 
2 ~Standard deviation of the mean. 
Total 
Clonus Duration 
4.9 .! 0.26 16.8 .! 0.33 
4.4 ! Q.63 16.1 ! 0.40 
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TABLE 8 
The ED.50s of Barbital Sodium Determined at Various Time 
Intervals After Drug AOministration in Normal 
and Nephrectomized Ratsl 
Barbital Sodium, EDS02 
Time mgm./kgm. 
in 
Hours Normal Rats Nephrectomiz~d Rats 
77.0 96.0 
i 4 (66.4 - 89,3) ( 73.8 - 124.8) 
102.0 92.0 
I 8 (83.3 - 130,0) (78.6 - 107 • .5) 
I 166.0 89.0 12 (138.3 - 199.2) (82.6 - 9.5.9) 
1Determined 12 hours after nephrectomy. 
2Figures in parentheses represent 9.5 per cent fiducial limits. 
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'l'ABLE 9 
The EDSOs of Pentobarbital Sodium Determi~ed at Various Time 
Intervals After Drug Administration in Normal 
and Nephrectomized Rats1 
Pentobarbital Sodi~, ED502 
Time mgm./kgm. 
in 
Hours Normal Rats Nephre~tomized Rats 
16.8 17.9 
1 (14.4 - 19 .. 7) (15.2 - 21.1) 
42.5 41.5 
3 (38.6 - 46.8) (37.4 - 46.1) 
60.0 59.0 
6 (51.7 - 69.6) (54.4 - 64.0) 
lDetermined 12 hours a ftf;lr nephrectomy. 
2Figures in parentheses represent 95 per cent fiduoial limits. 
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components or on the total duration of the seizure at the time of test, 
i.e., 12 hours after surgery (fl~ion, p",;>0.05; extension, p> 0.5. clonus, 
p> 0.1; and total duration, p> 0.5). Other groups of rats, shocked 6 
and 24 hours after nephrectomy, also showed no signd.ficant alteration :in 
:MES pattern. 
The anticonvulsant activity of barbit,l sodium as measured :in normal 
and nephrectomized rats is shown in t.ble 8. It may be seen from the table 
'that the ED50s determined in nerh;rectomized rats are similar at all time 
:i.ntervals. In oontrast, the q'\JLanti ty of drug required t9 protect 50 per 
cent of normal animals increases progressively with time; by the twelfth 
hour the ED50 is more than twice the ED50 determ:irl.ed a t the fourth hour. 
The anticonvulsant activity of pentopafbital sodium as measured in 
normal and nephrectomized rats is shoWfl, :in table 9 from which it may be 
seen that the ED50s at the various t:i,me intervals are cl!lmost identical :in 
the two groups of an~al~. Although the ED50s for pentobarbital sodium 
6 hours after drug adminis1fration are approximately 3.5 fold greater than 
those determtoed at 1 hour, there is no significant difference in the ED50s 
determined in normal and nephrectomized rats at any particular time inter-
val. 
4. Dis cu.s s ion 
The data concerned with the effect o£ nephrectomy on the maximal 
Ellectroshock seizure (MES) pattern clearly show that there is no signifi-
CAnt change in any components of the pattern even as long as ~4 hours after 
siurgery. Since all definitive tests were conducted 12 hours after the 
operation, it must be ooncll1ded that neither nephrectomy nor the accumulation, 
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of metabolic products as a re~ult of this procedure significantly alter 
the ability of the central nervous ~yst~ to respond normally to supra-
maximal electrical stimulation at this time interval. 
In order to see how well the data concerne~ with the anticonvulsant 
action of barbital sodium and pentobarbital sodium fit the hypothesis 
formulated in section II, .the ED50s presented in tables 8 and 9 were 
graphically plotted in figures 8 and 9 and smooth curves were drawn through 
the points. As shown in figure 8, the curve connecting the ED50s for 
barbital sodium is essentiallY parallel to the abscissa since the ED50s 
for this drug are almost id~ntical at all three time intervals. On the 
other hand, the normal curve is markedly divergent to both the abscissa 
and the curve for nephrectQm~zed rats. In contrast, it may be seen in 
figure 9 that the two curves for pentobarbital sodium are virtually identic-
al in normal and nephrectomized rats. In general, these plots of the data 
,are in agreement with the hypothesis and suggest that nephrectomy is a 
valid procedure for the determination of the role of this organ in the 
fate and excretion of anticonvulsant drugs. 
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V. THE EFFECTS OF CARroN TETRACHLORIDE 
AJ.ltIINISlRATION ON RENAL FUNCTION IN THE RAT 
A. EFFECTS ON INULIN CLE/lRANCE 
1. Introduction 
Since renal damage hells been reportec;l to occur after the ac1ministration 
of carbon tetrachloride to laborato;ry animals (:Meyer and Pessoa, 1923; 
Smyth et al., 1936; Opie, 1950; Ungar, 1951, Jennings and Kearns, 1953), 
:it was thought that glomerular filtration rate and/or tubular function 
might be markedly depressed in rat~ treated with this agent. Either a 
decreased renal filtration rate or a depressed tubular function could 
markedly alter the quantity of drug excret~~ by the kidney. Therefore, 
:It was felt that the results obta~ned from a renfil function test might 
reveal the effects of carbon tetrachloride on the renal excretion of anti-
eonvulsant drugs. Accordingly, studies on the renal clearance of inulin 
vlere conducted in normal and liver-dafllaged ;rats. However, since this pro-
eedure provides only an estimate of glomerular filtration rate (Smith, 1951), 
data concerned with the effect of carbon tetrachloride administration on 
renal tubular function were not obtained. 
2. Methods 
Twenty adult female albino rats of the Sprague-Dawley strain were 
divided into two groups of ten animals each. One group served as a control, 
whereas the other group was given carbon tet;rachlpride subcutaneously (see 
section IV, page 17). Both groups of an:imals were housed in a constant 
temperature room maintained ai; 260 C. and were brought to a uniform state 
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of hydration by the oral administration of warm tap water (25 ml./kgm.) 
12 to 18 hours prior to the actual experiment. Food was withdrawn at this 
time, but water was allowed ad libitum until the experiment started. All 
experiments were conducted in a con$tant .temperature room also maintained 
at 260 C. At the time of the experiment, 47 hours after carbon tetrachloride 
administration, a rat was lightly anesthetized with ether. A small poly-
,ethylene tube, held rigid by means of a wire stylette inSide the tube and 
with numerous holes near the end which is to dwell inside the bladder, was 
passed through the urethra and into th,e bladder. The stylette was with-
drawn and rubber cement applied externally around the urethra to hold the 
'3merging tube in place. The animal W8$ allowed to recover from the ether 
and was hydrated with 0.2 pElr cent ,odium ch,loride solution (5 ml./lOO Gm.) 
orally. The rat was then given heparin solution containing 10,000 U.S.F. 
heparin units per mI. (0..5 ml./animal) ;l..nt;raperitoneally, and 10 per cent 
:mulin solution (1000 mgm./kgm.) 1ntraperitoneally. The animal was placed 
in a holder of the type employed in the blood pressure method of ~ersten 
and co-workers (1947); this device restrained the animal, but allowed the 
tail and the polyethylene tubing to be externalized. The tail of the rat 
was infiltrated around the base with dibucaine (Nupercaine) hydrochloride 
solution (1:500) in sufficient quantity to prevent pain perception as judged 
by the lack of vocalization or othe:t' overt res~onse to tail pinching. This 
procedure was intended to prevent possible initiation of reflex vasocon-
striction in response to blOOd sampling. One-fourth inch of the tip of 
the tail was removed and a silk ligature secured proximal to the cut end 
to prevent hemorrhage. Forty to 45 minute" after hydration with the sodium 
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chloride solution (i.e., 48 hours after carbon tetrachloride administration), 
the bladder was washed four to six times with 0.25 mI. volumes of distilled 
water. The urine excreted during the next 18 minutes was collected in a 
calibrated 12 m1. centrifuge tube. Again the bladder was washed four to 
six times with 0.25 ml. volumes of distilled water; these washings were 
added to the urine sample. Total colleotion time, therefore, was approxi-
mately 20 minutes. At the midpoint of the collection period the ligature 
on the tail was removed, the first few drops of blood were discarded, and 
approximately 0.4 mI. of blood was obtained in a length of 4 rom. glass 
capillary tubing. One end of the blood tube was then sealed with plas-
ticine, and the tube was centrifuged at 3000 r.p.m. for 30 minutes. After 
centrifugation, the tube was scratched at the cell-plasma interface and 
broken. The plasma was taken up tIl a pipette, measured, and transferred 
·to a 25 rol. Erlenmeyer flask for chemical ana+ysis. All samples were ana-
lyzed by the method des cribed on page 58. 
3. ReElults 
The glomerular filtration rate, as measured by renal inulin clearance, 
was found to be 0.358 = 0.030 ml./lOO cm.2/minute in normal rats, and 0.252 
~: 0.032 ml./lOO crn.2/minute in :;Liver-damaged rats. Statistical analysis 
:indicated that the filtration rate in liver-damaged rats was not signifi-
cantly different from normal (p -;r 0.2). 
4. Dis cuss ion 
The trend toward a decreased glomerular filtration rate in carbon 
tetra chloride-treated rats, as in,dicated by the decrease in renal inulin 
(::learance, is in agreement with th~ observations of Corcoran and co-workers 
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(1943) and Sirota (1949) in man. Although the decreased filtration rate in 
the carbon tetrachloride-treated rats was not statistically significant, it 
suggests that if a drug is excreted unchanged by the kidney and primar ily 
filtered through the glomeruli a deoreased g~omerular filtration rate, how-
ever slight, might tend to keep blood levels of the drug higher for a longer 
period of time in kidney-damaged rats than in normal rats. Of course, the 
foregoing does not take into account any changes in tubular function which 
might also be present and which could affect tubular transport of drugs 
either secreted or reabsorbed by tubular cells. Thus, the approximate 30 
per cent decrease in the filtration rate and the possibility that carbon 
tetrachloride might alter renal transport mechanisms appear to be of suf-
ficient importance to warrant further investigation of the influence of 
this agent on the kidney despite the fact that, in general, the results 
()btained are in agreement with the working hypothesis formulated in section 
II. The results of studies designed to reveal the effects in rats of carbon 
tetrachloride administration on the rate at which barbital sodium is excreted 
by the kidney are presented in the next section. 
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B. EFFECTS ON BARBITAL SODIUM EXCRETION 
1. Introd~ction 
Bec~use carbon tetrachloride tended to decrease glomerular filtration 
rate, as indicat~d in the previous section, it was thought that some insight 
into the extent of kidney damage might be revealed by a study of the effect 
of this agent on the renal excretion ot a drug known to be eliminated by 
the kidney. Since barbital sodium has been reported to be filtered only 
by the glomeruli (Arakawa, 1935; Argy et al., 1936) and quantitatively 
-
excreted unchanged by the kidney (Maynert and van Dyke, 1949), this agent 
was selected for renal excretion studies in normal and liver-damaged rats. 
The results obtained are presented in this section. 
2. Methqds 
Twenty adult male albino rats were given the ED50 of barbital sodium 
for normal rats (77 mgm./kgm.) orally as a 1 per cent (w/v) aqueous solution. 
~['he rats were then placed in metabolism cages in groups of four, and the 
urine excreted by ea ch grollP during the en~uing l6-hour period was collected. 
Urine was collected in small-mouthed Erlenmeyer flasks to prevent excessive 
evaporation. Urine samples were taken for the periods of 0 to 4, 4 to 8, 8 
to 12, and 12 to 16 hours, and were analyzed for barbital sodium according 
to the method described on page 60. Two weeks later these same animals were 
given carbon tetrachloride subcutaneously (see section IV, page 17) and 36 
hours later were given the same dose of barbital sodium. The urine was col-
lected as described above and samples were taken for the periods of 0 to 4, 
h to 8, 8 to 12, 12 to 16, and 16 to 18 hours and analyzed for barbital 
sodium content (see above). 
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The amount of barbital sodium excreted in normal animals was compared 
to the amount excreted in liver-damaged animals, and the difference was 
tested for statistical significance. 
3. Result$ 
The total urinary excretion of barbital sodium in normal and liver-
damaged rats after the oral administration of 77 mgm./kgm. of the drug is 
given in table 10. It may be seen from the table that within the first 4 
hours after drug administration there is no significant difference in the 
,excretion of barbital sodium, whereas by the twelfth hour the excretion of 
barbital sodium is decreased significantly in the liver-damaged animals 
(p < 0.01). Thus, 54.06 mgm./kgm. of barbital sodium were excreted by 
liver-damaged rats in 12 hours, whereas a total of 73.05 mgm./kgm. was 
lexcreted in normal rats during the same time interval. However, by the 
sixteenth hour there was no significant difference in the amount of barbital 
:sodium excreted by tfle two groups. 
4. Discussion 
The data presented indicate that rats treated with carbon tetrachloride 
take a longer time to excrete a given dose of barbital sodium than do normal 
rats. This evidence, in addition to the slight decrease in glomerular fil-
tration rate as measured by inulin clearance, s~gests that carbon tetra-
chloride administration decreases gJ,omerular function. These findings are 
not in agreement with the hypothesis set forth in section II and will be 
considered in more detail in the general discussion. 
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TABLE lQ 
The Renal Excretion of Barbital Sodium 
in Normal and LiVf\!lr-Damaged Ratsl 
Barbital Sodium Excreted2 
Time mgm./kgm. 
in 
Hours Normal Rats Liver-Damaged Rats 
4 13.30 ! 4.26 11.74 .! 2.89 
~_~o_. 
8 44.48 ! 4.01 30.99 .! 3.79 
-'. 
12 73.05 ! 3.33 54.06! 5.84 
~-.--
16 * 72.95! 9.83 
"-"",,=--..r-.. ,,,,-.-. ~ 
lCarbon tetrachloride administered 36 hours previous to drug 
administration. 
2 !Standard deviation of the mean. 
*A value for the 10-hour period in normal rats was omitted 
because the amount of barbital sodium excreted during the 
12 to l6-hour period was negligible. 
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VI. GENERAL DISCUSSION 
The effects of carbon tetrachloride-induced liver damage, partial 
hepatectomy and bilateral nephrectomy on the maximal electroshock seizure 
(t1ES) pattern and on the effective doses fifty (ED50s) of barbital sodium 
and pentobarbital sodium are graphically summarized in table 11. 
It may be seen from the table that, in general, the results obtained 
from the present stuqy are in agreement with both the known fate and ex-
cretion of the two barbiturates employed and with the working hypothesis 
set forth in section II of this dissertation. However, it will be noted 
that there are certain discrepancies which do not fit either the fate and 
excretion pattern of barbital sodium and pentobarbital sodium or the formu-
lated hypothesis. These differences will be given attention at this time. 
With regard to carbon tetrachloride-induced liver damage, the data 
presented in section IV-A. indicate that the ED50s for barbital sodium are 
:remarkably similar in normal and liver-damaged rats. In contrast, the 
ED50s for pentobarbital sodium are markedly lower :in carbon tetrachloride-
treated rats than in normal rats. When the ED50s for pentobarbital sodium 
are plotted as shown in figure 3, page 23, the possibility that the two 
,ourves may approach parallelism and thereby be indicative of an increase 
in the sensitivity of the animal ancV'or a progressive accumulation of meta-
boli.c products which act additively with the effect of the drug has not 
been ruled out. Since there was no evidence of an increased sensitivity 
of the animal or of an additive effect when barbital sodium was tested in 
~~arbon tetrachloride-treated rats, it must be concluded that the decrease 
:in the EDl)Os for pentobarbital sodium reflects the inability of liver-damaged 
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TABLE 11 
Summary or the Effeat~ of Carbon TetraOhlori~Ind~ced Liver Damage, 
Partial Hepatecto~,and Nephrecto~ on Maximal Electroshock 
~attern and ED50s or Barbital Sodium and 
Pentobarbit~l Sodium 
Carbon TetraOhloride- Partial 




• I ~ • • 
Extension • " II I .. • • 
Clonus • I .. t • • 
Total Duration • .. • " 
0( • 
Barbita;L Sodiwn ! 0( • • • ED50 Against MES 
Pentobarbital Sodium 1 1 >4 ,. ED50 Against MES 
+0(-----+. • no change ! · decrease t · increase 
-54-
rats to inactivate pentobarbital sodium and, hence, are in agreement with 
the formulated hypothesis. 
In the case of partial hepatectomy, there are two problems which are 
worthy of consideration. Firstly, MES pattern was slightly modified in 
hepatectomized rats. This observation raises the question as to whether 
hypoglycemia or other metabolic alterations induced by removal of part of 
the liver were present. Studies designed to explore these possibilities 
were not conducted since partial hepatectomy was employed only to rule out 
the possibility that carbon tetrachloride increased the sensitivity of the 
test animal to the ~gs. Hence, this question is not pertinent to the 
problem under investigation. Secondly, the ED50s of barbital sodium in 
hepatectomized animals tended to be lower at the longer time intervals than 
ED50s determined in normal rats (figure 6, page 34). This decrease suggests 
that the operative procedure might have altered in some way either the 
ability of the animals to excrete barbital sodium or increase their sensi-
tivity to the drug. Studies on the effect of hepatectomy on the renal 
excretion of barbital sodium were not included in this investigation. A 
critical comparison of the ED50s for barpital sodium determined in liver-
damaged rats (table 2, page 19) and those for this drug determined in 
hepatectomized rats (table 5, page 30) reveals no significant difference 
at any of the three time intervals. Thus, it appears that hepatectomy does 
not alter significantly the sensitivity of the animal as measured by the 
tests employed. 
With regard to bilateral nephrectomy, the ED50s for barbital sodium 
determined 4 and 8 hours a fter drug a dministration were not significantly 
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different from the ED50s determined in control animals. In contrast, the 
ED50 of barbital sodium in nephrectomized rats 12 hours after drug adminis-
tration was only .54 per cent of the ED50 for normal animals. These obser-
,rations suggest that the rate of absorption of barbital sodium is similar 
:Ln both nephrectomized and normal rats. It further suggests that peak 
brain concentrations of barbital sodium afe reached before renal excretion 
~~ignificantly lowers the blood level. ThU$, the effect of the kidneys on 
the renal excretion of barbital sodium is ~ost prominent at the longest 
time interval. 
The rate of inulin clearance was slightly decreased (albeit not 
significant) and barbital excretion was significantly decreased in carbon 
tetrachloride-treated animals, Although these possibilities were not 
anticipated when the original hypothesis was formulated, they suggest that 
cJarbon tetrachloride administration decreases glomerular function. The 
decrease, however, is not sufficient to invalidate the use of carbon tetra-
chloride-induced liver damage as a biological procedure for the stuqy of 
the fate and excretion of anticonvulsant drugs. 
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VII. SUMMARY AND CONCLUSIONS 
Carbon tetrachloride-induced liver damage and nephrectomy are common-
ly used to determine the fate and excretion of anticonvulsant drugs. It 
is generally assumed that such alterations do not otherwise affect the 
response of the central nervous system to such drugs or to the tests em--
p10yed to measure the ir a ctivi ty. In order to tes t this assumption, the 
E~ffects of carbon tetrachloride-induced liver damage and of nephrectomy 
on the pattern of maximal electroshoo~ seizures (MES) and on the anticon-
v~lsant activity of drugs with known metabolic fates were determined. The 
effective dose fifty (ED50) of barbital sodium (excreted by the kidney) 
Clnd of pentobarbital sodium (detoxified bY the liver) was determined in 
rats at various time intervals after drug adm~istration by the MES test 
(150 mA, 0.2 sec., a.c., corneal electrodes). The effects of carbon tetra-
chloride on MES pattern and o~ the anticonvulsant aotivity of the two drugs 
tested were determined 48 hours I;lfter tile sup cutaneous injection of carbon 
tetrachloride (2 ml./kgm. of a SO per oent w/v solution in peanut oil). 
:fue effects of partial hepatectomy and bilateral nephrectomy on MES pattern 
and on the anticonvulsant activity of the two barbiturates were determined 
12 hours after the surgical procedures were performed. The effects of 
administration of carbon tetrachloride on glomerular filtration rate 
(measured by inulin clearance) and on the excretion of barbital sodium 
were also studied. The results were analyzed for statistical significance 
.md may be summarized as follows: 
1. Carbon tetrachforide-induced liver damage had no significant 
effect either on the MES pattern or on the EP50s of barbital sodium, but 
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significantly decreased the ED50e of pentobarbital sodium at all time 
intervals studied. 
2. Partial hepatectomy altered slightly the MES pattern~ but had no 
flignificant effect on the ED50s of barbital sodium. In contrast, the ED.50s 
of pentobarbital sodium were significantly de9l'eased at all time :intervals 
studied. 
3. Bilateral nephrectomy had no significant effect either on the 
MES pattern or on the ED.50s of pentobarbital sodium, but significant~ 
decreased the ED50 of barbital sodium by the l2-hov,r interval. 
4. Carbon tetrachloride administration did not significantly alter 
glomerular filtration rate, as measured by :inul:in clearance. On the other 
hand, barbital sodium excretion was significantly prolonged in treated 
animals. 
It is concluded that carbon tetrachloride~:induced liver damage and 
nephrectomy provide useful methods for the study of the fate and excretion 
of anticonvulsant drugs in rats. 
- 58 -
VIII. TECHNICAL PROCEIlJRES EMPLOYED 
1. Determination of InuliQ in Pla~ma and Urine (Xoung and Raisz, 1952) 
a. Reagents 
(1) Inulin Solution. DilQ.te 5 ml. of a stock solution of inulin 
(1000 ugm./ml.) to 50 ml. with distil+.ed water. The diluted 
solution contains inulin in a concentration of 100 ugm./ml. 
and is used as a working standard. 
(2) Zinc Sulfate Solution, 2 per cent (w/v). 
(3) Sodium Hydroxide Solution, 0.1 Nand 4.0 N. 
(4) Anthrone Solution. Carefully pour 500 ml. of concentrated 
sulfuric a cid into 250 ml. of water and cool the solution to 
room temperature. lmmerse the solution and container in cold 
water to avoid overheating, and add 250 ml. of concentrated 
sulfuric acid which contains 4.0 Gm. of dissolved anthrone 
crystals. Stor~ in brown bottle~ which are wrapped in heavy 
brown paper and then dipped in paraffin. If kept away from 
light this solution will remain stable up to three months. 
b. Pro cedure 
Standards 
Pipette 0, 1, 2, 3, 4, and 5 ml. of inulin solution into each 
of six Erlenmeyer flasks (~5 ml.), respectivelYe To each 
flask add a sufficient quantity of distilled water to bring 
the total volume to 6 rol.; then add 2 ml. of zinc sulfate 
solution and 2 ml. of 0.1 N sodium ;hydroxide solution. 
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Plasma 
Pipette approximately 0.2 rol. of plasma (the exact volume 
depends upon the quantity Qf plasma in the capillary tube) 
into an Erlenmeyer flask (25 ml.). To the flask add a 
sufficient quantity of distilledwat~r to bring the total 
volume to 3 ml., then add 1 m~. of zinc sulfate solution and 
1 mI. of 0.1 N sod~~ ny~oxi~e ~olution. 
Urine 
Pla ce a urine ~a;mple collected over an approximate 2Q-minute 
period (with washings) in an Erlenmeyer fla~k (25 ml.). To 
the flask add a sufficient quantity of distilled water to 
bring the total volume to 6 ml.; then add 2 ml. of zinc sul-
fate solution and 2 mI. of 0.1 N sodi'UlTl hydro~+de solution. 
Agitate the above samples on an automatic shaker for 30 minutes, 
transfer the solutions tq centrifuge tubes, and centrifuge for 
15 minutes at 1000 r.p.m. Decant the supernatant liquids. 
Except for the urine supernatant, the liquids are used un-
diluted. Dilute the urine supernatant liquid 1:25. Pipette 
1 mI. samples of each liquid into 25 x 150 mm. test tubes and 
add 0.25 rol. of 4 N sodi~ nydroxide solution to each prepa-
ration. Cover each test tube with a glass marble and heat the 
tubes in a boiling water bath for 20 minutes to destroy any 
glucose present; then immerse the tubes in cold water. When 
cool, add 8 rol. of anthrone solution slowly to each test tube. 
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During the additioll- of th~ acid solution, swirl the tube in 
an ice-w.ter bath to dissipate the heat of Qilution and pre-
vent color developnent, and. to insure W'liform mixing. Again 
cover the ~e~t tubes with the glass marbles and heat them in 
a water bath at 7~ C ! 0.50 for exactll 5 minutes; the immedi-
atell immerse the tubes in cold water. Transfer the cooled 
solutions to ~tandard~zed cuvettes and dete~ine the per cent 
light transmitt~nce b,r means ot a Cpleman JW'lior Spectropho-
tometer a t a wave length ot 630 millimicrons. The standard 
curve for inulin is linear when plotted as a fW'lction of the 
optical density (2 .. ~og G~ where G equals the per cent light 
transmittance) versus concentration. The color is stable at 
room temperature f~r 4hpUX's, 
2. Determination of B$rbiturate, in Urin! (Goldbaum, 1952) 
a. Solvent 
Wash ten parts pf reage~t grade chloroform once with one part of 
approximatelY 1 N sodi~ hydroxide and twice with one part of water. 
Prepare only the volume required for immediate use. The chloroform 
tends to decompose on standing and, thus, should be washed every 
day. 
b. Reagents 
(1) Monobasic Potassium Phosphate SOlution O.~ M (U. S. p. XV) 
Dissolve 21.218 Gm. of monobasic potassium phosphate (KH2P04) 
in sufficient do~ble-distilledwater to measUX'e 1000 ml. 
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(2) Sodium Hydroxide Solution 0.2 M (U. s. P. XV) 
Dissolve 9 Gm. of sodium hydroxide in about 95Q ml. of double-
distilled water. Add a freshly prepared saturated solution of 
barium hydro~ide until no more precipitate forms. Shake the 
mixture thorou~tuy. and allow it to stand overnight in a 
stoppered pottle. Either ~cant th~ clear liquid or f~lter 
the solution, ~hen standardize it against 1 N hydrochloric or 
sulfuric acid usin~ two drop~ of phenolphthalein!, S. as an 
indi~tor. Titrate to ~ p~k color. Preserve this solution 
in a we::j.1 .. fille(i Pyrex bottle with 8 soda-:Ume tube attached 
to the bottle by a glass side arm. 
(3) Phosphate Buffer pH 7.4 (11. S. P. IV) 
Place 50 ml. of the monoba~ic potassium phosphate solution 
(see (1) above) in a 200. ml. vqlumet~io flask, add 39.,4 ml. 
of the sodium hydroxide solution (see (2) above), and add 
dou,ble ... distilled water to the mark. 
(4) Borate Buffer 
Dissolve 12.369 Om. of boric al,'id and 14.91],. Gm. of potassium 
chloride in double-distilled water and dilute to 200 rol. After 
standing at room temperature for 24 hours, filter off any un-
dissolved salts. 
(5) Sodium Hydroxide Solution 
Prepare an approximately 0.45 N sodium hy'droxide solution 
from a saturated solution of sodium hydroxide. Adjust the 
normality un1;il two parts of this solution and one part ot 
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borate buffer yield ~ solution with pH 10.5 when tested with 
an accurately calibrated pH meter. 
c. Procedure 
Dilute the ~rine samp~e ~12~, 1:50, or as necessary with distilled 
water in order to br~g the expepted concentration of barbiturate 
within a readable range on the spectrophotometer, Extract 1 to 5 
ml. of diluted urine (pH be19w 7.0) with 50 ml. of chloroform. To 
remove interfering substances, transfer the chloroform layer to a 
clean separatory funnel and sha~e with 5 ml. of phosp~ate buffer 
pH 7.4. Discard the pnoBp~te layer. To obtain a clear aliquot, 
filter the chlorofqrm t.hrough a WhatlTl4n no. 41 fUter paper. Ex-
tract the filtrate with 4 ml. of approximately 0.45 N sodi-wn by-
droxide in a dry separatory fUM.e~. Discard the chloroform layer 
and run the al~line solution into a sma],.l test tube and centrifuge. 
, 
Transfer 3 rol. of the clear extract to a 1 em. quartz cuvette of a 
Beclanan model W photoele¢;ric spectroptlotometer. Run a. blank of 
distilled water through the same extraction procedure and use it as 
a reference solution. Read the optical density of the extracts at 
wave lengths of 305, 270, 260, 252~ 247, 235, 232, and 228 mu. 
Pipette 2 ml. of the extract of the urine sample and of the refer-
ence solution into test tubes containing 1 ml. of 1 M boric acid-
potassium chloride buffer s~lution to yield a pH of 10.5; the pH 
must be below 10.6 and above 10.2. Transfer the buffered solutions 
to dry cuvettes and again determine the optical densities at the 
above wave lengths. Correct these optical densities for dilution 
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with the buffer by multiplying by 1.5. The difference between the 
two readings at 260 mu. is te~ed the optical density difference. 
Det~rmine the optical density difference of a known quantity of 
barbiturate in a s 1m1lar manner. Estimate the concentration of 
barbiturate in the unknown sample from the optical density differ-
ences of the unknown and known s~mples of barbiturate. 
d, Calculation of BarQit?Tat~ Concentration 
Calculate the concentration of barbiturate in urine, expressed as 
mgm. of the barbiturate excreted per kgm. of animal weight, as 
shown in the following examp1~: 
(1) Difference of unknown extract unbuffered and buffered at 260 
mu. • 0.216. 
(2) Volume of chloroform used to extract the sample .. 50 rol. 
(3) Volume of allalli solut1on ueed to extra ct chloroform aliquot .. 
4 ml. 
(4) Micrograms of barbital sodium per rol. of known extract .. 25. 
(5) Difference of known extra ct unbuffered and buffered at 260 
(6) Chloroform aliquot .. 47 ml.. 
(7) Volume of sample" 1 ml. 
(8) Dilution factor" 25. 
(9) Total urine output for 4-hour period" 5.4 rol. 
(10) Total rat weight .. 1.080 kgm. 
(11) Micrograms of barbital ~odium per ml. of sample 
.. (0.216)(50)(4)(25) • 1080.000 • 88.041. 
(0.261)(47)(1) 12.267 
= (1)( 2) (3)(4) 
(5)(6)0) 
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(12) Micrograms of barbital soditUn per m1. of urine = (11)(8) = 
(13) Total micrograms of barbital sodium in urine sample • (12)(9) 
m (2201.025)(5.4) = 11885.535. 
(14) Milligrams of barbital soditUn excreted per kilogram of rat 
weight = (D) ::lC ..L !It (11885.535) x ..L • 11.005. 
"{IO) 1000'(1.080) 1000 
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Carbon tetrachloride-induced liver damage and nephrectomy are commonly 
used to determine the fate and exoretion of anticonvulsant drugs. It is 
generally assumed that such alterations do not otherwise affect the re-
sponse of the central nervous system to such drugs or to the tests employed 
to measure their activity. In order to test this assumption, the effects 
of carbon tetrachloride-induced liver damage and of nephrectomy on the 
pattern of maximal electroshock seizures (MES) and, on the anticonvulsant 
activity of drugs with known metabolic fates were detennined. The effec-
tive dose fifty (EP50) of barbital sodium (excreted by the kidney) and of 
pentobarbital sodium (detoxified by the liver) was determined in rats at 
lrarious time intervals after drug administration by the MES test (150 mA, 
0.2 sec., a.c., corneal eleotrodes). The effects of carbon tetrachloride 
on MES pattern and on the anticonvulsant activity of the two drugs tested 
were determined 48 hours after the SUbcutaneous injection of carbon tetra-
chloride (2 ml./kgm. of a 50 per cent w/v solution in peanut oil). The 
effects of partial hepatectomy and bilateral nephrectomy on MES pattern 
and on the anticonvulsant activity of the two barbiturates were determined 
12 hours after t3e surgical procedures were performed. The effects of 
administration of carbon tetrachloride on glomerular filtration rate 
(measured by inulin clearance) and on the excretion of barbital sodium 
were also studied. The results were analyzed for statistical significance 
and may be summarized as follows: 
1. Carbon tetrachloride-induced liver damage had no significant 
effect either on the MES pattern or on the ED50s of barbital sodium, but 
significantly deereaeed the ED501$ of pentobarb;l.tal sodium at all time 
intervals studied. 
2. Partial hepatectomy altered slightly the MES pattern, but had 
no significant effect on the EDSOs of barbital sodium. In contrast, the 
ED50s of pentobarbital sod~um were significantly decreased at al~ time 
intervals studied. 
3. Bilateral nephrectomy qad no significant effeet either on the 
MES pattern or on the ED50s ot pentobarbital sod~um, but significantlY 
decreased the ED50 of barbital sodium by the l2 .. hour interval. 
4. Carbon tetrachlortde adm;l.pistration ~d not significantly alter 
glomerular filtrat~on rate, ~a measured b,y ~ulin plearanQe. On the other 
hand, barbital sodium e~eret1on wa~ significantly Pfolonged ~ treated 
animals. 
It is conc~ude4 that carbon tetracploride-induged liver damage ~nd 
nephrectomy provide useful methOds for the stu~ of the fate and excretion 
of anticonvulsant drugs in rats. 
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